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Fig. 1: (a) Device structure of OTPT. 
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Fig. 1a is shown. This rectangular electric field enables 
reduced effective distance between collector and emitter 
electrodes of the unit cell of the OTPT and yields higher 
optical gain, because photogenerated carriers travel less 
distance inside N-drift region. Also, a rectangular electric 
field (Fig. 2a) mobilizes the photogenerated carriers in a 
uniform manner, as demonstrated in Fig. 2b. The 
quantum efficiency and the switching speed of the OTPT 
depend strongly on the minority-carrier recombination 
lifetime in the P-body region. A higher doping of the P-
body results in a shorter lifetime, which ensures faster 
turn-off due to rapid recombination when the light shuts 
off, but, it also leads to a lower device gain because 
photogenerated carriers recombine easily and have less 
chance of contributing towards conductivity modulation. 
The on-state resistance of the OTPT, varies with the 
optical intensity as shown in Fig. 3. 
 

 
Fig. 3: Experimental OTPT on-resistance with varying optical power 

under the following conditions: VBias = 10 V, Rload = 50 Ω, frequency = 
5 kHz, and duty cycle = 50% [1]. 

(a) (b) 

(c) (d) 

Fig. 4: A snapshot of the (a) turn-on delay, (b) turn-off delay, (c) rise 
time and (d) fall time of the OTPT under the following conditions: VBias 

= 60 V, Rload =1000 Ω, frequency = 50 kHz, duty cycle = 50%, and 
optical power = 0.5 W. Scale for the vertical axis is 10 V/div while for 
the horizontal axes are : (a) 40 ns/div, (b) 100 ns/div, (c) 40 ns/div, and 
(d) 200 ns/div, respectively. For (a) and (b), the top trace is the voltage 
across the OTPT and the bottom trace is the output current signal of the 

laser driver. The laser-driver current signal is measured through an 
internal current monitor of the laser-driver and is of negative polarity. 

The threshold current, at which the lasing starts, is ~ 6 A [1]. 
 

Snapshots of the turn-on and turn-off dynamics of the 
OTPT are shown in Fig. 4. Turn-on and turn-off delays 
are measured as the difference between the time instants 
of the initiation of the laser-drive signal and initiation of 
the change in the OTPT voltage. Rise and fall times are 
defined as the time taken to change the OTPT voltage 
from 10% to 90% (or vice versa) of its steady-state value. 

Subsequently, attempt was made to integrate the OTPT as 
a driver for a set of higher-voltage power semiconductor 
devices to realize optically-triggered hybrid power 
devices. In Fig. 5, the schematic diagram of one such 
hybrid package and the tested prototype package is 
shown. The aim of such hybrid packaging is to reduce the 
interconnect length to minimize the parasitic impedance 
between the OTPT(s) and the PSD due to interconnects. 

 
 

  
Fig. 5: Hybrid packaging scheme with two OTPTs coupled to a vertical 
PSD die. Corresponding prototype package is shown where the PSD die 

is SiC-based MOSFET. Electrical terminals are indicated by the 
symbols G, D, S, C, and E that represent gate, drain, source, collector, 

and emitter, respectively [1]. 
 

The concept of OT hybrid power semiconductor device 
was tried using a combination of triggering OTPT(s) and 
high-voltage devices such as SiC MOSFET, SiC VJFET, 
Si IGBT, Si MOSFET devices. Fig. 6 [1] shows the 
transient performance of such optical hybrid devices. 

B. Vertical Optically-Triggered Power Transistor 
More recently, a vertical OTPT based on Si has been 

designed, fabricated, and characterized that can support 
much higher current of operation and fast switching 
dynamics. The device is designed to support a junction 
temperature of 200 oC. Even though the initial goal of the 
OTPT is to support the function of Q1 in Fig. 12 that 
represents an optically-triggered emitter turn-off 
thyristor, the vertical OTPT can be used independently 
and for other hybrid configurations. Figs. 7 and 8 
demonstrate the information regarding the OTPT. 

C. Optically-Triggered SiC GTO Thyristor [2],[3]  
The GaAs-based OTPTs described in Section II were 

used along with a SiC GTO [3]. The device structure and 
fabricated prototype of a SiC GTO is shown in Fig. 9 
along with switching results in Fig. 10. The optically-
triggered GTO is also shown in Fig. 11. Two different 
bias voltages are applied to the gate of the thyristor by 
using the OTPTs. This voltages force the thyristor to turn 
on and off. An important advantage of using optical 
switches in GTO structure is removing the effect of 
electromagnetic interference (EMI) in the low-power 
parts of the GTO. The simulation results showing the 
switching capability of this proposed optically-triggered 
GTO is given in Fig. 10. 

D. A New Single-Biased All-Optically Triggered 
Configuration for ETO Thyristor [4] 

ETOs are one of the most promising devices in very 
high voltage fast switching power electronic applications.  
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Fig. 6: Nominal switching operation for the OT
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(a) 

 (b)  
Fig. 9: (a) SiC GTO structural schematic and (b) fabricated prototype  

(a) 
 

 (b) 
 
Fig. 10: Switching result of the SiC GTO with Vcathode = - 2000 V, Ccharge 

= 2 µF, Rload = 3.3 Ω, (a) experimental result with electrical gate 
triggering and (b) simulation result with optical triggering using GaAs 

OTPTs. 

 

 
 

 
 

Fig. 11: Schematic of the switching simulation circuit for optically-
controlled SiC GTO [2]. 

 

The novel single-biased all-optically triggered ETO is 
shown in Fig 12. The device structure of the SiC thyristor 
is shown in Fig. 13. Here an optically-gated thyristor is 
used. More details about the all-optical ETO, optical 
thyristor and its manufacturing process are given in [5], 
[6]. The laser light is exposed directly to the n-type gate 
region of the thyristor; furthermore, the depletion region 
is highly expanded across the main blocking p-n junction 
between the gate and drift layers. So the gate layer plays 
an important role in absorbing light and determining the  

 
 

 
Fig. 12: Structure of the hybrid all-optical ETO. LG and LA represent the 

packaged parasitic inductance. 
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Fig. 13: Structure of the optical SiC th
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Fig. 18:  Boost converter prototype showing OT
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of MOSFET. Because of the parasitic inductances in the 
commutation path, diD/dt in this region directly affects 
the overvoltage stress. According to (1) and (2), dvDS/dt, 
diD/dt and voltage overshoot and oscillation in the turn-on 
transition can be controlled by controlling the gate 
resistance of the MOSFET which in turn can be 
controlled by modulating the optical intensity to the 
OTPT which is placed in the discharging path of the gate 
of MOSFET.  

Similarly, the key waveforms of the turn-on transition 
of an IGBT are shown in Fig. 21.  Similar to the 
MOSFET’s case, the slope of the collector current 
(diC/dt) and slope of collector-to-emitter voltage (dvCE/dt) 
in the turn-on transition are, respectively, approximated 
using (3) and (4): ௗௗ௧  ൎ షಸಶష ூಽబ ⁄ோಸ.ಸಶ ⁄ ା                      (3) ௗ௩ಶௗ௧ ؆ െ ିಸಶିூಽబ ⁄  ோಸ.ಸ                   (4) 

In (3) and (4) VCC  represents the maximum gate voltage, 
VGET  represents the threshold voltage of IGBT, gm is the 
forward trans-conductance of IGBT, CGE is the gate-to-
emitter capacitance, CGC is the gate-to-collector 
capacitance, and IL0 is the load current of IGBT.  diC/dt of 
IGBT has a direct effect on the reverse recovery current  
of free-wheeling diode and current overshoot of the IGBT 
during turn-on. According to (3) and (4)  the  diC/dt  and 
dvCE/dt of IGBT can be controlled by adjusting the gate 
resistance of IGBT which in turn can be controlled by 
modulating the optical intensity  through  the OTPT 
which is placed in the charging path of the gate.  

 

 
Fig. 21: Key waveforms of turn-on behavior of an IGBT.

 

The standard clamped-inductive test circuit and 
control block diagram for optical transition control are 
shown in Fig. 22.The test circuit comprises a bridge leg 
with the hybrid device package (comprising M1 and the 
two OTPTs) placed in the low side and a self-gated IG 
PSD (M2) in the high side. M1and M2 can be either 
MOSFET or IGBT. OTPT1 and OTPT2 work 
complementarily and turn the M1 on and off, 
respectively. V1 and V2, respectively, dictate the turn-on 
diC/dt and dvCE/dt of M1 by controlling the current 
passing through the laser1. The current through the laser1 
controls the optical intensity which is emitted to OTPT1 
and indirectly controls the gate resistance of M1 during 
turn-on. Similarly voltages V’1 and V’2, respectively, 

control the turn-off dvDS/dt and diD/dt of M1 through 
adjusting the current passes through the laser2. 

During the turn-off transition for MOSFET vDS and 
dvDS/dt are sensed using sensing circuits. Then they are 
fed to the control circuit. Because of the ∆t seconds delay 
in the OTPT and feedback-loop control circuit predicts 
the onset of transition from the dvDS/dt to diD/dt control 
region and initiates the transition in ∆t seconds prior the 
start of diD/dt control region by changing the current of 
the laser-driver2 from a value corresponding to V’1 to 
another value corresponding to V’2. Similarly, during the 
turn-on transition for IGBT, diC /dt is sensed and fed to 
the control circuit. Control circuit predicts the onset of 
transition from diC/dt to dvCE/dt control region by 
changing the current of the laser-driver1 from a value 
corresponding to V1 to another value corresponding to V2. 

The complete circuit set up in Fig. 23 is designed and 
fabricated following Fig. 22. This design includes power 
circuit and control circuit as well as laser driver and laser 
in a single board. 

 
Fig. 22: Test circuit and control block diagram. 

 

 

Fig. 23: Fabricated board, which includes power circuit, control circuit, 
laser, and laser driver [8], [9]. 

 

The turn-off drain-to-source voltage (vDS) of M1, and 
current of laser driver for the cases of conventional gate 
drive and proposed optical controller are, respectively, 
found in Fig. 24 and Fig. 25. It has been shown that by 
reducing the current of the laser driver (which increase  

 



 

 
 

Fig. 24: Turn off behavior of conventional gate drive. CH1: laser driver 
current, 1 A/div; CH2: drain-source voltage, 100 V/div; time division: 

200 nsec/div. 
 

the resistance of OTPT2) in optical controller, the 
overvoltage and oscillation of vDS lessens comparing to 
the conventional gate driver. This is because of reduction 
of diC/dt in the diC/dt control region. 

Experimental results of turn-on optical control of M1 
(which is IGBT in this case) are shown in Fig. 26. In this 
case the current of the laser driver is fixed in the dvCE/dt 
control region. As the result, the dvCE/dt is similar for all 
the cases. On the other hand, as the diC/dt is decreased in 
the diC/dt control region the reverse-recovery current 
lessens. 
 

 
 

Fig. 25: Turn off behavior with the proposed control. CH1: laser driver 
current, 1 A/div; CH2: Drain-source voltage, 100 V/div; time division: 

200 nsec/div. 
 

Experimental results of turn-on optical control of M1 
(which is IGBT in this case) are shown in Fig. 26. In this 
case the current of the laser driver is fixed in the dvCE/dt 
control region. As the result, the dvCE/dt is similar for all 
the cases. On the other hand, as the diC/dt is decreased in 
the diC/dt control region the reverse-recovery current 
lessens. 

Time(s) 
 

Fig. 26: Measured turn-on waveforms of vCE, iC and ILaser with the varied 
current slope (diC/dt) and fixed voltage slope (dvCE/dt). 

V. SUMMARY AND CONCLUSIONS 
In this paper, an overview of the work related to 

optically-triggered power semiconductor devices and 
switching transition control have been outlined. With 
regard to optical devices, a systematic pathway of 
progress and feasibility with regard to realization of 
varied functionality, complexity, and material base have 
been demonstrated. The transition control using optically-
triggered devices have been demonstrated for field-effect 
as well as bipolar power semiconductor devices along 
with realization of control mechanism. It appears that 
optical control provides a relatively simple and yet a 
robust approach to controlling switching dynamics on the 
fly that can/will have profound effect on system 
reliability, efficiency, and dynamic response. 
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